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Abstract
In this paper, we consider the Biswas-Arshed model (BAM) with nonlinear
Kerr and power law. We integrate these nonlinear structures of the BAM to
obtain optical exact solitons that passing through the optical fibers. To retrieve
the solutions, we apply the tan(/2) expansion integral scheme to the structures
of the BAM nonlinearity. The novel solutions present optical shock wave, double
periodic optical solitons, interaction between optical periodic wave and optical
solitons, and optical periodic and rogue waves for both structures of the model.
It is shown that the amplitude of the periodic double solitons waves gradually
increases and reached the highest peak at the moment of interaction, and it goes
to diminish for a much larger time. In fact, we show that the amplitude of the
wave for the interaction between periodic and optical solitons, gradually increases
with beat phenomena. To the purpose, all these types of optical solitons can be
frequently used to amplify or reduce waves for a certain hight. Moreover, we
describe the physical phenomena of the solitons in graphically.
Keywords: The Biswas-Arshed model, the extension tan(/2) approach, shock wave
double solitons, optical double solitons, rogue wave solitons.
1 Introduction
Optical transmission of solitons motion plays a central role in a variety of branches
in communication sciences. The general concepts of transmission optical solitons in
nonlinear optical fiber systems are fundamentally important in controlling optical con-
tinuum and transferring informations for very long distances. The general nonlinear
Schrodinger equation can be successfully addressed the picosecond pulses of the wave
dynamics involving the coefficient of the group velocity dispersion (GVD) and the
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self-phase modulation (SPM) [1, 2]. If ultrashort pulses durations less than 100 fem-
toseconds, it would be motivated, attractive and desirable to increase the power of
high-bit-rate transmission systems, higher-order Kerr dispersion, the slow nonlinear
activity, and the third-order dispersion play a vital role in optical fiber media [1, 3].
Due to valuable applications in optical communications and optical signal transmitting
systems, the theoretically predicted solitons as well as experimentally study of the dy-
namical temporal optical solitons were observed in fiber lasers [4]. The study of solitons
covers as well other areas of physics including plasma physics, fluid dynamics, biolog-
ical systems and so on. With such effects, there are many classes of nonlinear mod-
els such as Lakshmanan-Porsezian-Daniel model, complex Ginzburg-Landau equation,
Kundu-Eckhaus equation, Fokas-Ienells equation, Kaup-Newll model, Radhkrishnan-
Kundu-Lakshmanan equation, resonant nonlinear Schrodinger’s equation, Kadomtsev-
Petviashvili-Benjamin -Bona-Mahony, Boiti-Leon-Manna-Pempinelli equation and the
references therein [5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18]. These models have
been successfully addressed dynamical transmission solitons solutions.
In recent years, Biswas and Arshed newly introduced one governing nonlinear model
and studied the wave profile of optical solitons in existence of super order dispersions
with negligibly SPM [19]. They also pointed out the bright, singular and combo-solitons
for the two integration structures of the model. It is fundamentally effective in inves-
tigating the dynamical solitons in optical fibers and metameterials in case of both low
GVD and nonlinearity. The model known as Biswas-Arshed model (BAM) has been
used by several authors to obtain various type optical solitons via the trial solution tech-
nique [20], modified simple equation technique [21], Kerr and power law nonlinearity
[22, 23], mapping method [24], the extended trial function method [25] and parameter
restriction approach [26]. All these approaches have previously been restricted mainly
to obtain optical single solitons of the BAM. However, the generalization of the interac-
tion of double optical solitons and rogue type solitons is still an unexplored subject via
other existing methods. The interaction of optical nonlinearity solitons often lead to
periodic double solitons and rogue waves, and the nature of these solitons is unknown.
The purpose of this paper is to show how we can present optical shock wave, optical
double solitons, interaction between optical periodic wave and optical solitons, and
optical periodic and rogue waves for both structures of the model. We also show that
how they play to increase or decrease the amplitude of the waves for the solitons in
graphically. It is based on the tan(/2) expansion approach [27, 28, 29]. To our
knowledge these type of investigations for the BAM is a first step in the study of the
tan(/2) expansion method.
2
2 Review of the tan(/2) expansion approach
In the section, we review the tan(/2) expansion approach for the nonlinear evolution
equations (NLEEs). These methods are highly effective and algebraic schemes to drive
the general optical solitons, periodic solitons and rogue waves solutions, and more
deeply understand the properties of the model [27, 28].
2.1 The tan(/2) expansion approach
This method has been extensively used to a class of NLEEs [27, 28] to obtain novel
exact solutions. The main algorithm of the approach is as follows:
Step 1 Let us consider the nonlinear evolution equation and the travelling variable
transformation in the following form:
Γ(uxx, uxt, utt, ut, un, . . . .) = 0, (2.1)
where u(x, t) is an unknown function, Γ is a polynomial of u(x, t) and its derivatives.
The NLEE (2.1) can be converted to the ordinary differential equation by the trans-
formation relation ζ = kx− ωt as follows:
H(Ψ,Ψ′,Ψ′′, . . . ) = 0. (2.2)
The constant k is the wave number and ω is the frequency of the wave.
Step 2 One considers the general form of the trial solution [27, 28],
Ψ() =
n∑
r=0
Lr tanr(2 ), (2.3)
where Lr are free constants to be later calculated, such that Ln 6= 0 and the  is a
function of ζ, which satisfies the condition,
d
dζ
= λ sin((ζ)) + µ cos((ζ)) + ν. (2.4)
The condition (2.4) leads to the following exact solutions:
Set 1: If Λ = λ2+µ2−ν2 < 0, and µ−ν 6= 0, then(ζ) = 2 tan−1
[
λ
µ−ν −
√−Λ
µ−ν tan(
√−Λ
2 ζ¯)
]
.
Set 2: If Λ = λ2+µ2−ν2 > 0, and µ−ν 6= 0, then(ζ) = 2 tan−1
[
λ
µ−ν +
√
Λ
µ−ν tanh(
√
Λ
2 ζ¯)
]
.
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Set 3: If Λ = λ2 + µ2 − ν2 > 0, and µ 6= 0 and ν = 0, then
(ζ) = 2 tan−1
[
λ
µ
+
√
λ2+µ2
µ
tanh(
√
λ2+µ2
2 ζ¯)
]
.
Set 4: If Λ = λ2 + µ2 − ν2 < 0, and µ = 0 and ν 6= 0, then
(ζ) = 2 tan−1
[
−λ
ν
+
√
ν2−λ2
ν
tan(
√
ν2−λ2
2 ζ¯)
]
.
Set 5: If Λ = λ2 + µ2 − ν2 > 0, and µ− ν 6= 0 and λ = 0, then
(ζ) = 2 tan−1
[√
µ+ν
µ−ν tanh(
√
µ2−ν2
2 ζ¯)
]
.
Set 6: If λ = 0, and ν = 0, then (ζ) = tan−1
[
e2µζ¯−1
e2µζ¯+1 ,
2eµζ¯
e2µζ¯+1
]
.
Set 7: If λ = 0, and ν = 0, then (ζ) = tan−1
[
e2µζ¯
e2µζ¯+1 ,
2eµζ¯−1
e2µζ¯+1
]
.
Set 8: If λ2 + µ2 = ν2, then (ζ) = 2 tan−1
[
λζ¯+2
(µ−ν)ζ¯
]
.
Set 9: If λ = µ = ν = kλ, then (ζ) = 2 tan−1
[
ekλζ¯ − 1
]
.
Set 10: If λ = ν = kλ and µ = −λk, then (ζ) = −2 tan−1
[
ekλζ¯
ekλζ¯−1
]
.
Set 11: If ν = λ, then (ζ) = −2 tan−1
[
(λ+µ)eµζ¯−1
(λ−µ)eµζ¯−1
]
.
Set 12: If λ = ν, then (ζ) = 2 tan−1
[
(µ+ν)eµζ¯+1
(µ−ν)eµζ¯−1
]
.
Set 13: If ν = −λ, then (ζ) = 2 tan−1
[
eµζ¯+µ−λ
eµζ¯−µ−λ
]
.
Set 14: If µ = −ν, then (ζ) = 2 tan−1
[
λeλζ¯
1−νeλζ¯
]
.
Set 15: If µ = 0 and λ = ν, then (ζ) = −2 tan−1
[
νζ¯+2
νζ¯
]
.
Set 16: If λ = 0 and µ = ν, then (ζ) = 2 tan−1
[
νζ¯
]
.
Set 17: If λ = 0 and µ = −ν, then (ζ) = −2 tan−1
[
1
νζ¯
]
.
Set 18: If λ = 0 and µ = 0, then (ζ) = νζ +K.
Set 19: If µ = ν, then (ζ) = 2 tan−1
[
eλζ¯−ν
λ
]
,
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where ζ¯ = ζ +K, where L0,Lr are constants to be later calculated.
Step 3. Inserting the above solutions into (2.3) together with (2.4) and substituting
into (2.2), and then solving the algebraic equations for the coefficients L0,Lr and ω.
Finally, putting the results into (2.3) with the above set of solutions, they provide
the new exact solutions of the NLEEs (2.1). In the following sections, we apply this
approach to the first and second structures of the Biswas-Arshed model.
3 First structure of the Biswas-Arshed model
In this section, we consider the first structure of the Biswas-Arshed model (BAM) [19]
to obtain the optical double solitons and the rogue waves via the tan(/2) expansion
approach. The first structure of the BAM is [19, 22],
iVt + a1Vxx + a2Vxt + i(b1Vxxx + b2Vxxt) = i[ε(|V|2V)x + σ(|V|2)xV + ϑ|V|2Vx]. (3.1)
The function V(x, t) in the model represents the wave profile of soliton, a1 is the coeffi-
cient of the GVD, a2 is the spatio-temporal dispersion, b1 is the coefficient of third-order
dispersion, b2 is the coefficient of spatio-temporal third-order dispersion, and ε is the
effect of self-steepening, and σ, ϑ are the effect of dispersions. This model was first
introduced by Biswas-Arshed [19], known as the so-called BAM, and it was shown the
optical solitons in the presence of higher-order dispersions with negligibly self-phase
modulation. Such a model with optical transmission wave solutions has also found in
the context of Kerr and non-Kerr law media [22]. This model considered here could have
wider applicability and other aspects as optical double solitons, periodic solitons and
rogue type wave solutions could be investigated via the tan(/2) expansion method.
This method makes the Biswas-Arshed model to be highly interesting. In this section,
we apply the transformation variable to (2.1)
3.1 The ODE of the first structure of BAM
Let us consider the transformation variable [19],
V(x, t) = U(ζ)eiφ(x,t), (3.2)
where U(ζ) is the amplitude portion with ζ = x − δt, the phase component φ(x, t) =
−kx+wt+ρ, and the constants δ, ρ, k, w are respectively, the soliton velocity, the phase
5
constant, the wave number and the frequency of the soliton. After a long computation
and an integration, one can present the differential equation [19, 22] of (3.1),
AU ′′ − BU − CU3 = 0, (3.3)
where A = a1 − a2δ + 3b1k − 2b2δk − b2w, B = a1k2 − a2wk + b1k3 − b2wk2 + w and
C = k(ε + ϑ). In the following section, we apply the extension tan(/2) method to
(3.3) and obtain the exact soliton solutions of (3.1).
3.2 Application of the tan(/2) method to the first structure
of BAM
We now compute the balance number of (3.3) from power balance of the highest deriva-
tive with the highest-order nonlinear terms [19], that leads to n = 1. Then the trial
solution (2.3) in the tan(/2) expansion method takes the form,
Ψ() = L0 + L1 tan(2 ). (3.4)
Putting (3.4) into (3.3) along with (2.4), we obtain a polynomial of sin(ζ) and cos(ζ)
functions, whose equating coefficients lead to a system of equations, and the solutions
of the system of equations via symbolic computation, yield the following constraints:
w = (λ
2 + µ2 − ν2)(a1 − δa2 − 2δkb2 + 3kb1) + 2b1k3 + 2a1k2
2k2b2 + λ2b2 + µ2b2 − ν2b2 + 2ka2 − 2
,
L0 = ±λ
√
2k3b1b2 + 3k2a2b1 + ka1a2 − 3kb1 − a1 − δ(2k3b22 + 3k21a2b2 + ka22 − 2kb2 − a2)
k(ε+ ϑ)(2k2b2 + λ2b2 + µ2b2 − ν2b2 + 2ka2 − 2)
,
L1 = ±(ν − µ)
√
δ(2k3b22 + 3k21a2b2 + ka22 − 2kb2 − a2)− 2k3b1b2 − 3k2a2b1 − ka1a2 + 3kb1 + a1
k(ε+ ϑ)(2k2b2 + λ2b2 + µ2b2 − ν2b2 + 2ka2 − 2)
. (3.5)
Now if we combine the above constraints with (3.4), and substituting into (3.2), and
the solutions Set [1-19] of (2.4), we obtain the following seventeen valid exact soliton
solutions of (3.1),
V1,1(x, t) =
{
L0 + L1
[
λ
µ−ν −
√−Λ
µ−ν tan(
√−Λ
2 ζ¯)
]}
ei(−kx+wt+ε),
V1,2(x, t) =
{
L0 + L1
[
λ
µ−ν +
√
Λ
µ−ν tanh(
√
Λ
2 ζ¯)
]}
ei(−kx+wt+ε),
V1,3(x, t) =
{
L0 + L1
[
λ
µ
+
√
λ2+µ2
µ
tanh(
√
λ2+µ2
2 ζ¯)
]}
ei(−kx+wt+ε),
V1,4(x, t) =
{
L0 + L1
[
−λ
ν
+
√
ν2−λ2
ν
tan(
√
ν2−λ2
2 ζ¯)
]}
ei(−kx+wt+ε),
V1,5(x, t) =
{
L0 + L1
[√
µ+ν
µ−ν tanh(
√
µ2−ν2
2 ζ¯)
]}
ei(−kx+wt+ε),
V1,6(x, t) =
{
L0 + L1 tan
(
1
2 tan
−1
[
e2µζ¯−1
e2µζ¯+1 ,
2eµζ¯
e2µζ¯+1
])}
ei(−kx+wt+ε),
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V1,7(x, t) =
{
L0 + L1 tan
(
1
2 tan
−1
[
e2µζ¯
e2µζ¯+1 ,
2eµζ¯−1
e2µζ¯+1
])}
ei(−kx+wt+ε),
V1,8(x, t) =
{
L0 + L1
[
λζ¯+2
(µ−ν)ζ¯
]}
ei(−kx+wt+ε),
V1,11(x, t) =
{
L0 + L1 tan
(
− tan−1
[
(λ+µ)eµζ¯−1
(λ−µ)eµζ¯−1
])}
ei(−kx+wt+ε),
V1,12(x, t) =
{
L0 + L1
[
(µ+ν)eµζ¯+1
(µ−ν)eµζ¯−1
]}
ei(−kx+wt+ε),
V1,13(x, t) =
{
L0 + L1
[
eµζ¯+µ−λ
eµζ¯−µ−λ
]}
ei(−kx+wt+ε),
V1,14(x, t) =
{
L0 + L1
[
λeλζ¯
1−νeλζ¯
]}
ei(−kx+wt+ε),
V1,15(x, t) =
{
L0 + L1 tan
(
− tan−1
[
νζ¯+2
νζ¯
])}
ei(−kx+wt+ε),
V1,16(x, t) =
{
L0 + L1
[
νζ¯
]}
ei(−kx+wt+ε),
V1,17(x, t) =
{
L0 + L1 tan
(
− tan−1
[
1
νζ¯
])}
ei(−kx+wt+ε),
V1,18(x, t) =
{
L0 + L1 tan
[
νζ+K
2
]}
ei(−kx+wt+ε),
V1,19(x, t) =
{
L0 + L1
[
eλζ¯−ν
λ
]}
ei(−kx+wt+ε),
where w, L0 and L1 come from (3.5). There is a note that the solutions V1,9(x, t) and
V1,10(x, t) are invalid for the constraints.
To the graphical description, it is shown that V1,1(x, t), V1,4(x, t), V1,18(x, t) solutions
provide double periodic optical solitons. In particular, we present the 2D and 3D graphs
in Figure 1 for the solution V1,1(x, t); and the solutions V1,4(x, t) and V1,18(x, t) have
similar dynamical characteristics to the Figure 1.
The solutions V1,2(x, t), V1,3(x, t) and V1,5(x, t) represent interaction between periodic
waves and solitons, which produce an optical double solitons. We present graphs in
Figure 2 for a particular solution V1,3(x, t). It is shown that the amplitude of the
solitons increases after the interaction (t = 0). These types of optical solitons can be
extensively used to amplify waves for a certain hight.
The solutions V1,6(x, t), V1,7(x, t), V1,11(x, t), V1,12(x, t), V1,13(x, t), V1,14(x, t) and V1,19(x, t)
provide to similar interaction between periodic waves and optical solitons. We give
graphs in Figure 3 for the solution V1,6(x, t). The graphs show that the amplitude of
the optical solitons gradually increases with beat phenomena.
The solutions V1,8(x, t), V1,15(x, t), V1,16(x, t), and V1,17(x, t) provide to similar interac-
tion between periodic waves and optical solitons. We present a periodic double solitons
for the solution V1,8(x, t) in Figure 4. The graphs show that the amplitude of the wave
gradually increases and reaches highest peak at the moment of interaction, and then
the amplitude goes to diminish for a larger time. As it is presented various interactions
of optical solitons, and such interactions are stable localized wave packets that can
travel large distance in optical fibers remaining their structures [4]. Thus these types
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of interactions solitons would be interested in optical fiber communications.
4 The second structure of Biswas-Arshed model
Let us consider the second structure of Biswas-Arshed model [19],
iVt + a1Vxx + a2Vxt + i(b1Vxxx + b2Vxxt) = i[ε(|V|2qV)x + σ(|V|2q)xV + ϑ|V|2qVx], (4.1)
where q leads to the nonlinearity of the model. In this section, we apply the tan(/2)
expansion approach to this model to investigate the more general exact soliton solutions
in different aspects. Making the identification q = 1, the model (4.1) becomes the first
structure of BAM (3.1).
4.1 The ODE of the second structure of BAM
Using the transformation (3.2) into the model (4.1) leads to the following ODE [19],
AU ′′ − BU − CU2q+1 = 0, (4.2)
where A = a1 − a2δ + 3b1k − 2b2δk − b2w, B = a1k2 − a2wk + b1k3 − b2wk2 + w and
C = k(ε+ ϑ). After scaling the ODE (4.2) by U = T 12q yields,
A{(1− 2q)(T ′)2 + 2qT T ′′} − 4q2BT 2 − 4q2CT 3 = 0. (4.3)
4.2 Application of the expansion of tan(/2) approach to the
second structure of BAM
The balance number of (4.3) comes from power balance of the highest derivative with
the highest-order nonlinear terms [19] that leads to n = 2, and hence the trial solution
(2.3) of the tan(/2) expansion method takes the form,
Ψ() = L0 + L1 tan(2 ) + L2 tan
2(2 ). (4.4)
Putting (4.4) into (4.3) along with (2.4), we obtain a polynomial of sinh(ζ), and cosh(ζ)
functions, whose coefficients after equating lead to a system of equations, and these
equations enable to give us the following set of constraints:
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δ = (4k3q2b1 +2δkλ2b2 +2δkµ2b2−2δkν2b2 +4k2q2a1 +δλ2a2 +δµ2a2−δν2a2−3kλ2b1−
3kµ2b1 + 3kν2b1 − λ2a1 − µ2a1 + ν2a1)/(4k2q2b2 + 4kq2a2 − λ2b2 − µ2b2 + ν2b2 − 4q2),
L0 = (2δk3µ2qb22 − 2δk3ν2qb22 + 2δk3µ2b22 − 2δk3ν2b22 + 3δk2µ2qa2b2 − 3δk2ν2qa2b2 −
2k3µ2qb1b2 + 2k3ν2qb1b2 + 3δk2µ2a2b2 − 3δk2ν2a2b2 + δkµ2qa22 − δkν2qa22 − 2k3µ2b1b2 +
2k3ν2b1b2−3k2µ2qa2b1+3k2ν2qa2b1−2δkµ2qb2+δkµ2a22+2δkν2qb2−δkν2a22−3k2µ2a2b1+
3k2ν2a2b1 − kµ2qa1a2 + kν2qa1a2 − 2δkµ2b2 + 2δkν2b2 − δµ2qa2 + δν2qa2 + 3kµ2qb1 −
kµ2a1a2−3kν2qb1 +kν2a1a2−δµ2a2 +δν2a2 +3kµ2b1−3kν2b1 +µ2qa1−ν2qa1 +µ2a1−
ν2a1)/((ε+ ϑ)(4k2q2b2 + 4kq2a2 − λ2b2 − µ2b2 + ν2b2 − 4q2)k),
L1 = (2λ(2δk3µqb22 − 2δk3νqb22 + 2δk3µb22 − 2δk3νb22 + 3δk2µqa2b2 − 3δk2νqa2b2 −
2k3µqb1b2+2k3νqb1b2+3δk2µa2b2−3δk2νa2b2+δkµqa22−δkνqa22−2k3µb1b2+2k3νb1b2−
3k2µqa2b1 + 3k2νqa2b1 − 2δkµqb2 + δkµa22 + 2δkνqb2 − δkνa22 − 3k2µa2b1 + 3k2νa2b1 −
kµqa1a2 + kνqa1a2 − 2δkµb2 + 2δkνb2 − δµqa2 + δνqa2 + 3kµqb1 − kµa1a2 − 3kνqb1 +
kνa1a2−δµa2+δνa2+3kµb1−3kνb1+µqa1−νqa1+µa1−νa1))/(k(4k2q2εb2+4k2q2ϑb2+
4kq2εa2 + 4kq2ϑa2 − λ2εb2 − λ2ϑb2 − µ2εb2 − µ2ϑb2 + ν2εb2 + ν2ϑb− 2− 4q2ε− 4q2ϑ)),
L2 = −(2δk3µ2qb22−4δk3µνqb22+2δk3ν2qb22+2δk3µ2b22−4δk3µνb22+2δk3ν2b22+3δk2µ2qa2b2−
6δk2µνqa2b2 + 3δk2ν2qa2b2 − 2k3µ2qb1b2 + 4k3µνqb1b2 − 2k3ν2qb1b2 + 3δk2µ2a2b2 −
6δk2µνa2b2 + 3δk2ν2a2b2 + δkµ2qa22 − 2δkµνqa22 + δkν2qa22 − 2k3µ2b1b2 + 4k3µνb1b2 −
2k3ν2b1b2 − 3k2µ2qa2b1 + 6k2µνqa2b1 − 3k2ν2qa2b1 − 2δkµ2q2 + δkµ2a22 + 4δkµνqb2 −
2δkµνa22−2δkν2qb2+δkν2a22−3k2µ2a2b1+6k2µνa2b1−3k2ν2a2b1−kµ2qa1a2+2kµνqa1a2−
kν2qa1a− 2− 2δkµ2b2 + 4δkµνb2 − 2δkν2b2 − δµ2qa2 + 2δµνqa2 − δν2qa2 + 3kµ2qb1 −
kµ2a1a2−6kµνqb1 +2kµνa1a2 +3kν2qb1−kν2a1a2−δµ2a2 +2δµνa2−δν2a2 +3kµ2b1−
6kµνb1+3kν2b1+µ2qa1−2µνqa1+ν2qa1+µ2a1−2µνa1+ν2a1)/(k(4k2q2εb2+4k2q2ϑb2+
4kq2εa2 + 4kq2ϑa2 − λ2εb2 − λ2ϑb2 − µ2εb2 − µ2ϑb2 + ν2εb2 + ν2ϑb2 − 4q2ε− 4q2ϑ)).
Now using the above constraints into (4.4), and combining this with U = T 12q to sub-
stitute into (3.2), then the solutions Set [1-19] of (2.4), provides us the following exact
soliton solutions of (4.1):
V2,1(x, t) =
{
L0 + L1
[
λ
µ−ν −
√−Λ
µ−ν tan(
√−Λ
2 ζ¯)
]
+L2
[
λ
µ−ν −
√−Λ
µ−ν tan(
√−Λ
2 ζ¯)
]2} 12q
ei(−kx+wt+ε),
V2,2(x, t) =
{
L0 + L1
[
λ
µ−ν +
√
Λ
µ−ν tanh(
√
Λ
2 ζ¯)
]
+L2
[
λ
µ−ν +
√
Λ
µ−ν tanh(
√
Λ
2 ζ¯)
]2} 12q
ei(−kx+wt+ε),
V2,3(x, t) =
{
L0 + L1
[
λ
µ
+
√
λ2+µ2
µ
tanh(
√
λ2+µ2
2 ζ¯)
]
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+L2
[
λ
µ
+
√
λ2+µ2
µ
tanh(
√
λ2+µ2
2 ζ¯)
]2} 12q
ei(−kx+wt+ε),
V2,4(x, t) =
{
L0 + L1
[
−λ
ν
+
√
ν2−λ2
ν
tan(
√
ν2−λ2
2 ζ¯)
]
+L2
[
−λ
ν
+
√
ν2−λ2
ν
tan(
√
ν2−λ2
2 ζ¯)
]2} 12q
ei(−kx+wt+ε),
V2,5(x, t) =
{
L0 + L1
[√
µ+ν
µ−ν tanh(
√
µ2−ν2
2 ζ¯)
]
+L2
[√
µ+ν
µ−ν tanh(
√
µ2−ν2
2 ζ¯)
]2} 12q
ei(−kx+wt+ε),
V2,6(x, t) =
{
L0 + L1 tan
(
1
2 tan
−1
[
e2µζ¯−1
e2µζ¯+1 ,
2eµζ¯
e2µζ¯+1
])
+L2 tan2
(
1
2 tan
−1
[
e2µζ¯−1
e2µζ¯+1 ,
2eµζ¯
e2µζ¯+1
])} 1
2q
ei(−kx+wt+ε),
V2,7(x, t) =
{
L0 + L1 tan
(
1
2 tan
−1
[
e2µζ¯
e2µζ¯+1 ,
2eµζ¯−1
e2µζ¯+1
])
+L2 tan2
(
1
2 tan
−1
[
e2µζ¯
e2µζ¯+1 ,
2eµζ¯−1
e2µζ¯+1
])} 1
2q
ei(−kx+wt+ε),
V2,8(x, t) =
{
L0 + L1
[
λζ¯+2
(µ−ν)ζ¯
]
+ L2
[
λζ¯+2
(µ−ν)ζ¯
]2} 12q
ei(−kx+wt+ε),
V2,10(x, t) =
{
L0 + L1 tan
(
− tan−1
[
ekλζ¯
ekλζ¯−1
])
+L2 tan2
(
− tan−1
[
ekλζ¯
ekλζ¯−1
])} 1
2q
ei(−kx+wt+ε),
V2,11(x, t) =
{
L0 + L1 tan
(
− tan−1
[
(λ+µ)eµζ¯−1
(λ−µ)eµζ¯−1
])
+L2 tan2
(
− tan−1
[
(λ+µ)eµζ¯−1
(λ−µ)eµζ¯−1
])} 1
2q
ei(−kx+wt+ε),
V2,12(x, t) =
{
L0 + L1
[
(µ+ν)eµζ¯+1
(µ−ν)eµζ¯−1
]
+ L2
[
(µ+ν)eµζ¯+1
(µ−ν)eµζ¯−1
]2} 12q
ei(−kx+wt+ε),
V2,13(x, t) =
{
L0 + L1
[
eµζ¯+µ−λ
eµζ¯−µ−λ
]
+ L2
[
eµζ¯+µ−λ
eµζ¯−µ−λ
]2} 12q
ei(−kx+wt+ε),
V2,14(x, t) =
{
L0 + L1
[
λeλζ¯
1−νeλζ¯
]
+ L2
[
λeλζ¯
1−νeλζ¯
]2} 12q
ei(−kx+wt+ε),
V2,15(x, t) =
{
L0 + L1 tan
(
− tan−1
[
νζ¯+2
νζ¯
])
+ L2 tan2
(
− tan−1
[
νζ¯+2
νζ¯
])} 1
2q ei(−kx+wt+ε),
V2,17(x, t) =
{
L0 + L1 tan
(
− tan−1
[
1
νζ¯
])
+ L2 tan2
(
− tan−1
[
1
νζ¯
])} 1
2q ei(−kx+wt+ε),
V2,18(x, t) =
{
L0 + L1 tan
[
νζ+K
2
]
+ L2 tan2
[
νζ+K
2
]} 1
2q ei(−kx+wt+ε),
V2,19(x, t) =
{
L0 + L1
[
eλζ¯−ν
λ
]
+ L2
[
eλζ¯−ν
λ
]2} 12q
ei(−kx+wt+ε),
where L0, L1 and L2 come from the above set of constraints. There is a note that the
solutions V2,9(x, t) and V2,16(x, t) are invalid for the constraints.
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To the graphical representations, it is shown that V2,1(x, t), V2,4(x, t), V2,18(x, t) so-
lutions provide double period optical solitons. In particular, we present the 2D and 3D
graphs in Figure 5 for the solution V2,1(x, t); and the solutions V2,4(x, t) and V2,18(x, t)
have similar dynamical characteristics to the Figure 5.
The solutions V2,2(x, t), V2,3(x, t) and V2,5(x, t) represent interaction between periodic
waves and solitons which produce an optical double solitons. We present graphs in
Figure 6 for a particular solution V2,3(x, t). It is shown that the solution presents rogue
waves whose amplitude increased two or three times higher than the surrounding waves
within a tiny time. These types of rogue waves can be predicted to control the ampli-
tude of the waves.
The solutions V2,6(x, t), V2,7(x, t) V2,10(x, t), V2,11(x, t), V2,12(x, t), V2,13(x, t), V2,14(x, t)
and V2,19(x, t) provide to similar interaction of periodic wave with optical solitons. We
give graphs in Figure 7 for the solution V2,6(x, t). The graphs show that the amplitude
of the optical solitons gradually decreases.
The solutions V2,8(x, t), V2,15(x, t), and V2,17(x, t) provide to similar interaction of peri-
odic wave with optical solitons. We present a periodic double solitons for the solution
V2,8(x, t) in Figure 8. The graphs show that the amplitude of the wave gradually
increases and reaches the highest peak at the moment of interaction, and then the
amplitude goes to diminish for a larger time.
Remark. When L2 = 0 and q = 1/2 in the obtained solutions, then the correspond-
ing results in sections 4.2 and 3.2 are making identical both in mathematically and
dynamically. For the large values of q, it is shown that the amplitude of the waves
increases more, and the waves can be transferred to a very large distance remaining
same nonlinear dynamical shapes.
5 Conclusion
The main results of this paper is the determination of exact solitons to the Biswas-
Arshed model (BAM) with nonlinear Kerr and power law via the tan(/2) expansion
integral scheme. We retrieve optical shock waves, double periodic optical solitons,
interaction between optical periodic waves and optical solitons, and optical periodic
waves and rogue waves of the model. We explain how to display the nonlinear feathers
of the waves at the moment of interactions, that is, how to the amplitude of the optical
periodic double solitons gradually increases, reaches to the highest peak, and goes to
disappear for a much longer time. In fact, all these types of optical solitons can be
frequently used to amplify or reduce waves on account of a certain hight. The physical
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phenomena of the solitons are graphically presented in the 2D and 3D plots. To our
knowledge these types of solitons for the Biswas-Arshed model have not been explored
before [21, 22, 23, 24]. In fact, the model could be investigated to construct multi-
and rogue waves solitons by the other existing methods, in particular, Hirota bilinear
approach [30, 31] and Darboux transformation [32].
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Figure 1: The 2D and 3D double periodic solitons of V1,1(x, t), for the real part of
V1,1(x, t) with a1 = b1 = b2 = δ = λ = µ = k = 1, a2 = 2, and ν = 3, ε = 0.
Figure 2: The 3D periodic double solitons of V1,3(x, t), for the imaginary part of
V1,3(x, t) with a1 = b1 = b2 = δ = λ = k = 1, a2 = 2, µ = 3 and ν = 1, ε = 0.
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Figure 3: The 2D and 3D periodic double solitons of V1,6(x, t), for the real part of
V1,6(x, t) with a1 = 0.5 a2 = b1 = b2 = λ = ν = 1, δ =
√−1, µ = 3, k = 20, ε = 0 and
ϑ = 0.3.
Figure 4: The 2D and 3D periodic double solitons of V1,8(x, t), for the real part of
V1,8(x, y) with a1 = a2 = b1 = b2 = λ = µ = 1, a2 = δ = 2, k = 5, ϑ = 2, ε = 0 and
ν = 2.
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Figure 5: The 2D and 3D double periodic solitons of V2,1(x, t), for the real part of
V2,1(x, t) with a1 = b1 = b2 = δ = k = ϑ = λ = 1, a2 = q = 2, µ = 1, ε = 0 and ν = 3.
Figure 6: The 2D and 3D rogue wave solitons of V2,2(x, t), for the real part of V2,2(x, t)
with a1 = b1 = b2 = δ = k = ϑ = λ = 1, a2 = q = 2, µ = 3, ε = 0 and ν = 1.
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Figure 7: The 2D and 3D periodic double solitons of V2,6(x, t), for the real part of
V2,6(x, t) with a1 = 0.5, a2 = b1 = b2 = q = 1, δ = 1 +
√−1, k = 25, ε = 0, ϑ = µ = 3
and λ = ν = 0.
Figure 8: The 2D (x = 0) and 3D periodic double solitons of V2,8(x, t), for the imaginary
part of V2,8(x, t) with a1 = a2 = b1 = b2 = δ = k = ϑ = µ = 1, ε = λ = 0, q = 2 and
ν = −1.
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